Study design: Cross-sectional and longitudinal postal survey. Objectives: To (1) compare the severity of pain in persons with spinal cord injury (SCI) to national norms, (2) examine the association between pain and measures of (a) psychological functioning, (b) community integration and (c) pain interference with daily activities, and (3) examine the change in the prevalence and intensity of pain over time. Setting: Community. Methods: A total of 147 adults with SCI were surveyed twice, 2-6 years apart. Main outcome measures included presence/absence of pain in general and at specific body sites, 0-10 numerical rating scale of average pain intensity, modified Brief Pain Inventory Pain Interference scale, SF-36 Bodily Pain scale, SF-36 Mental Health scale, Community Integration Questionnaire. Results: Pain was more severe, on average, in this sample of patients with SCI than it is in normative samples. The presence of pain was associated with trends towards poorer psychological functioning and social integration, and the intensity of pain was associated with interference with a number of important basic activities of daily living. Little systematic change was found in pain over a 2-6-year-period, although there was evidence that the prevalence of shoulder pain increases over time. Conclusion: The current findings underscore the serious nature of pain in persons with SCI and provide additional support for the need to identify effective treatments for SCI-related pain.
Introduction
A growing body of research is beginning to clarify the nature and scope of pain in persons with spinal cord injury (SCI). A recent review of this research concluded that about one-third of patients with SCI report experiencing severe pain, but also noted that a consensus has not yet been reached for how best to treat the pain problems in patients with SCI. 1 This same review identified a number of important unanswered questions concerning the nature, scope, and impact of pain in persons with disabilities, including those with SCI. Three of these unanswered questions include: (1) What is the severity of pain in persons with SCI relative to national norms? (2) To what extent does pain interfere with function over and above the effects of the SCI itself? and (3) What is the course of pain in persons with SCI over time? 1 Concerning the first question, to our knowledge, and despite the large number of studies that describe the severity of pain in different samples of individuals with SCI, no study has yet compared pain severity in persons with SCI to the pain severity found in normative samples. While pain appears to be common in persons with SCI, pain is also common in the population at large. [2] [3] [4] A direct comparison of the pain severity reported by persons who have an SCI with that reported by normative groups is necessary to better understand the relative seriousness of pain problems in SCI populations. 1 A second important unanswered question concerns the impact of pain on functioning in persons with SCI. Most previous survey research on pain in persons with SCI has reported on its frequency and severity; although its quality, location(s), and correlates are also often reported. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, only a limited number of studies have compared persons with SCI who report pain with those who do not report pain on measures of functioning. The little research that has been performed to address this question indicates the following: (1) individuals with SCI and chronic pain are at greater risk for poorer psychological functioning, 5, 11, 13, 16, 17 poorer sleep 17, 18 and, for those with shoulder pain, perhaps a higher frequency of unemployment and a greater need of physical assistance, 19 than those patients with SCI who do not have chronic pain.
However, much is still not known concerning the impact of chronic pain on the lives of persons with SCI. For example, with the exception of one study that suggests that the presence of shoulder pain is associated with higher levels of unemployment, 19 we do not know if there are any differences between those with and those without chronic pain on measures of community integration; that is, the ability to perform normal role functions in and outside of the home. Little is also known about the association between pain intensity and the extent to which pain interferes with a large number of specific activities of daily living, such as self-care activities, relations with others, and mobility. More detailed knowledge concerning these associations, as well as the replication of the previously reported association between psychological dysfunction, sleep problems, and the presence of pain, would help clarify the role that pain has in daily functioning in persons with SCI. Ultimately, this knowledge may be used to help identify those functioning or interference domains that should be the focus of pain-related SCI rehabilitation.
Finally, little research has examined the changes in pain over time in persons with SCI. In one retrospective survey, very few respondents indicated that pain had decreased in intensity (6.6%) or frequency (7.1%), while many more indicated increases in both intensity and frequency since the onset of their SCI (47.2 and 33.5%, respectively) 13 (see also Nepomuceno et al 9 ). Another study found that time since injury predicted the prevalence of shoulder pain in a sample of men with SCI, with greater time since injury associated with a greater frequency of shoulder pain, 6 and one study found that time since injury was associated with a higher prevalence of elbow and shoulder pain, but not with ankle pain or pain in general. 20 However, Dalyan et al 7 did not find an association between time since injury and the prevalence of upper extremity pain. A number of other retrospective survey studies have found no significant associations between time since SCI and the prevalence or severity of pain, in general, 8, 11, 21, 22 although the findings from one study suggested that different types of pain problems may have different onset times. 23 In this study, and 5 years following their initial injury, patients with SCI reported that the average onset time of at-level neuropathic pain was 1.2 years following injury, similar to the average onset time of musculoskeletal pain (mean 1.3 years). However, below level neuropathic pain (mean 1.8 years) and visceral pain (mean 4.2 years) were reported to have developed later following injury, on average.
Only a few longitudinal studies have addressed the question of change in pain in persons with SCI over time. In one of these, Kennedy et al 24 assessed the presence and intensity of pain at 6 weeks and then again at 1 year following SCI. They found a dramatic increase in both measures over this time period, with 23% reporting severe pain at 6 weeks, and 41% reporting severe pain at 1 year post-SCI. On the other hand, Cairns et al 25 found no change in the prevalence of pain from admission to rehabilitation (on average, 19 days following injury) to discharge from rehabilitation (on average, 65 days of rehabilitation for subjects with paraplegia and 124 for subjects with tetraplegia), but they did report that the intensity of pain in those who reported pain at admission decreased significantly over this time period. In another longitudinal study, Weitzenkamp et al 26 found that the chances of developing or resolving a pain problem in a sample of patients with established SCI (over 20 years post-SCI) varied as a function of pain site: an increased risk over time was found for developing elbow pain or stiffness, shoulder pain or stiffness, and hand pain or stiffness, and a decreased risk over time was found for developing hip pain or stiffness. Siddall et al 23 found moderate (rs range, 0.36-0.48) associations between the severity of below-level and at level neuropathic pain problems assessed at 1 month, 1 year, 2 years, and 3 years following injury, and the severity of pain at 5 years following injury. However, they found no significant associations between the severity of musculoskeletal pain or visceral pain at previous time points (up to 3 years postinjury) and the severity of these pain problems at 5 years postinjury.
As a group, these studies provide some preliminary support for the hypotheses that, (1) there is a great deal of variability in change in pain during the first months and perhaps first years following SCI, with perhaps some initial decrease in pain severity in the first few weeks after injury, and then a progressive increase in the prevalence and severity of pain in the months and immediate years following this; (2) once pain problems emerge in the first months or years following an SCI, the prevalence or intensity of pain, in general, does not appear to increase or decrease dramatically, although (3) there is some possibility that the prevalence of pain in some specific sites (eg, shoulder, wrist, or elbow) may increase over time in patients with established SCI. Further research is needed to clarify the time course of pain in persons with SCI using longitudinal research designs and different samples of patients with SCI.
The purpose of the current study was to fill some of the gaps in our knowledge in the three specific areas concerning pain in persons with SCI discussed above: (1) the severity of pain in persons with SCI relative to national norms; (2) the association between pain and measures of some specific areas of patient functioning and interference with daily activities that have not yet been adequately examined, and (3) change in the prevalence (at specific sites) and intensity of pain over time.
Methods
Participants Participants for the current survey study were recruited from a sample of patients who had responded to one of two previous surveys of chronic pain problems in persons with SCI 14,15 2-6 years prior to the initiation of the current study, and who had indicated on that previous survey that they were willing to be contacted in the future about research opportunities. Questionnaires were mailed to 339 individuals. Each questionnaire was accompanied by a consent form and a cover letter inviting the potential study participants to participate in the study. Subjects were paid $25 for completing and returning the consent forms and survey. Individuals who failed to return the survey after 2 weeks were called up to three times (if phone numbers were available and current) and reminded to return the survey. The study procedures were approved by the University of Washington Human Subjects review Committee.
Measures
The survey questionnaire included a number of questions assessing demographic (age, education level, employment status, race/ethnicity, marital status) and SCI-related (time since SCI, SCI level) descriptive information. The survey also contained a measure of psychological functioning, a measure of community integration, and, for those reporting a pain problem, measures of pain intensity, pain site, and pain interference.
The SF-36 Mental Health scale (SF-36 MH 27 ) was used as the measure of psychological functioning, and was completed by all study participants (ie, both those reporting and those not reporting a pain problem). This widely used measure has demonstrated reliability, as shown by high internal consistency coefficients (0.81-0.95 27 ) and test-retest stability coefficients (0.75-0.80 27 ). Its validity as a measure of psychological functioning is supported by its association with other measures of psychological functioning. 27 The SF-36 MH items are scored so that they have a possible range of 0-100, with higher scores indicating better mental health.
The Community Integration Questionnaire (CIQ 28 ) is a 13-item measure of the lack of handicap (ability to perform normal role functions in and outside of the home) in three domains of functioning: home (participating in shopping, meal preparation, housework, child care (if applicable), personal finance management, and social planning), social (participating in activities outside of the home, travel outside the home, leisure activities with others, and existence/availability of a 'best friend'), and productive activity (employment status) domains. The CIQ scales evidence good reliability 29 and an internal structure supporting their measure of three distinct domains of integration and function. 28 The CIQ scales have demonstrated validity through their association with other measures of functioning. 25 The two-item Bodily Pain scale from the SF-36 was used as the measure of pain severity (SF- 36 BP 27 ). This scale includes a 6-level categorical scale of pain intensity (ranging from 'None' to 'Very severe'), and a 5-level categorical scale of pain interference (that asks respondents to rate the extent to which pain interferes with normal work, including work both outside the home and housework, with responses ranging from 'Not at all' to 'Extremely'), which are combined into a single composite score of pain severity and transformed to a 0-100 scale, with lower scores indicating higher levels of pain severity.
Survey respondents were also asked to indicate the presence or absence of any recent pain problems using the following question: 'Are you currently experiencing, or have you in the past 3 months experienced, any pain (other than occasional headaches or menstrual cramps)'? Respondents who answered 'yes' to this question were then asked to rate the average intensity of this pain during the past week on an 0-10 numerical rating scales, with 0 ¼ 'No pain' and 10 ¼ 'Pain as bad as could be'. Such 0-10 scales have demonstrated their validity as measures of pain by their strong association with other measures of pain intensity, as well as by their responsivity to treatments known to impact pain. 30 Pain site was assessed using a pain site checklist developed by the researchers that asked respondents to rate the presence or absence of pain in 17 different sites, including the head, neck, shoulder, upper back, lower back, arms, elbows, wrists, hands, buttocks, hips, chest, abdomen/pelvis, legs, knees, ankles, and feet. Most of these sites (all except head and chest) were collapsed into seven site categories (neck, shoulders, arms/hands, back, abdomen, buttocks/hips, legs/feet) to make them comparable to the site lists used in the previous surveys, and therefore to allow an evaluation of change in pain site over time.
Finally, pain interference in specific activities of daily living was assessed using a modified version of the Brief Pain Inventory Pain Interference scale (BPI 31, 32 ). The original version of this scale asks respondents to rate the degree to which pain interferes with seven daily activities, including general activity, mood, walking ability, normal work, relations with other people, sleep, and enjoyment of life. As in our previous studies where we used this scale for assessing pain interference in persons with disabilities, 33, 34 we modified the BPI in two ways. First, we changed item 3 ('Walking ability') to read 'Mobility, that is, your ability to get around,' to be more appropriate for the participants in the current study, many of whom cannot walk. Second, we added three items to assess interference of pain with self-care, recreational activities, and social activities, to obtain a broader-based assessment of areas that could potentially be affected by pain. The original BPI Pain Interference scale has demonstrated validity through its strong association to pain severity across a number of samples of cancer patients 32 (see also Cleeland and Ryan 31 ), and the modified version of this scale has demonstrated high levels of internal consistency (Cronbach's a ¼ 0.89) and validity through its strong association with pain intensity in samples of persons with disabilities. 33, 34 Data analyses To address the first purpose of the study concerning the difference in pain severity in the current sample and that found in a national normative sample, we compared the subjects' scores on the SF-36 BP scale in the current sample with the published national norms for this same scale 27 using a t-test. Two sets of analyses were performed to address the second study purpose; that is, to examine the association between pain and functioning. First, to determine the association between the presence of pain and psychological functioning and community integration, the SF-36 MH and the CIQ scale scores were compared between patients who reported having a pain problem and those who did not report having a pain problem in the past 3 months using t-tests. Second, to examine the association between pain intensity and activities, Pearson correlation coefficients were computed between the 0-10 NRS average pain intensity ratings and the modified BPI pain interference ratings for each of 10 pain interference domains. Finally, to address the third study purpose, that is, to examine the prevalence (at specific sites) and intensity of pain over time, we examined change in pain status from the initial to the current survey using a paired t-test for the continuous variable (average pain intensity) and w 2 tests for the dichotomous variables (presence/absence of pain in general and presence/absence of pain at each of the seven specific body sites).
Results

Response rate
Of the 339 questionnaires mailed, 187 (57%) were returned. Of that number, 27 were returned because the subject was no longer at the address on record, two were returned with a note indicating that the subject was deceased, one was returned with information indicating that the patient was not available for the study (eg, in the hospital and unable to participate), and two were returned with a note indicating that the patient declined participation. The survey return rate was 49% (147 completed questionnaires divided by the number of surveys sent excluding patients who were no longer at their previous address or who were deceased).
Subject characteristics and comparison of survey responders to nonresponders Demographic and SCI-related descriptive information of the 147 survey respondents are presented in Table 1 . The mean age of the study subjects was 48.8 years (SD, 13.0; range, 21-88). As previously reported in the samples from which the current subjects were drawn, 14, 15 there was a wide degree of variability in the number of years since SCI (range, 3.2-57.4 years; SD, 10.4; mean, 16.6).
In total, 117 (79.6%) of the survey respondents reported that they were experiencing, or had experienced in the past 3 months, a pain problem (Table 2) . Among these subjects reporting pain, the most common pain sites were shoulder (60.7%) and back (58.1%), although pain in all sites of the body areas were reported by some subjects. The average pain intensity (in the past week) of the 117 respondents who reported a pain problem was 35, 36 ), 33 (28.2%) reporting moderate pain (5-6 on the 0-10 scale), and 38 (32.5%) reporting severe pain (7-10 on the 0-10 scale), on average. Two respondents (1.7%) reported that, although they had experienced a pain problem in the prior 3 months, their average pain intensity during the past week was 0.
Given the relatively low response rate, we compared the responders to nonresponders on demographic, pain, and SCI-related variables that were available for all patients who were sent surveys to determine if they differed on any of these variables, using t-tests for continuous variables ( 37 standards for small, medium, and large effects are 0.20, 0.50, and 0.80, respectively).
Study question 2: association between pain and functioning
The results of the analyses comparing scores on the SF-36 MH and the CIQ scales between patients with and without pain suggest poorer psychological functioning and social integration among patients reporting pain than among those who did not signify having a pain problem (Table 3) . However, if a Bonferroni correction were made for multiple comparisons (0.05/4 ¼ 0.0125), neither of these differences would be deemed to be statistically significant. There was no significant difference, or even trend for any difference, in the productivity or general home competency integration domains.
The Pearson correlation coefficients representing the association between average pain intensity and pain interference are presented in Table 4 . As can be seen, pain intensity showed a strong association with each of the 10 domains of pain interference assessed by the modified BPI, with correlation coefficients ranging from 0.50 to 0.59 (all P'so0.001; still below the level of significance required if a Bonferroni correction were made in light of the fact that 10 coefficients were computed).
Study question 3: change in the frequency and intensity of pain over time
The average time between the previous and the current surveys was 4.81 years (range, 2-6 years). In the initial surveys, 114 of the subjects in the current study reported having a pain problem and 33 reported that they did not have a pain problem; these numbers were 117 and 30 in the current sample. Change in pain status occurred for 23 subjects; 13 changed from reporting no pain (initial survey) to reporting a pain problem (current survey), and 10 changed from reporting a pain problem to reporting no pain. Overall, the change in the prevalence of pain over time was not statistically significant (w 2 (1) ¼ 0.38, P ¼ 0.54). Of the 77 subjects for whom average pain intensity ratings (during the past week) were available from both the previous and current surveys, the change in average pain intensity was not large or statistically significant (initial mean (SD), 5.21 (2.13); current mean (SD), 5.40 (2.22); t (76) ¼ 0.85, P ¼ 0.40). An examination of change in the rates of pain at specific body sites yielded only one statistically significant finding: there were a larger number of patients who reported having shoulder pain in the current survey of 147 participants (48.3%) than who reported having shoulder pain in the previous surveys (34.7%). The net increase in the rate of shoulder pain of individuals from the initial to the current survey was statistically significant (w 2 (1) ¼ 12.01, P ¼ 0.001; still below the level of significance required if a Bonferroni correction were made for the seven analyses associated with testing changes in the presence of pain at each site).
Discussion
The current study extends the findings from previous research on the nature and scope of pain in persons with SCI. In this first comparison of the pain severity between a sample of individuals with SCI and US national norms, we found pain to be statistically and substantially greater in the former compared with the latter. In addition, we found that the presence of pain was associated with trends towards lower levels of psychological functioning and social integration, and that pain intensity showed strong and consistent associations with ratings of pain interference in a large number of daily activities. Finally, measures of pain prevalence and intensity, in general, did not appear to increase or decrease substantially over time. However, there is some indication that shoulder pain may increase in frequency over the course of 2-6 years. The implications of these findings for understanding pain in persons with SCI are discussed below.
The significant and substantial differences in pain severity between the current sample of persons with SCI and a normative sample underscores the seriousness of pain problems in persons with SCI. Although it might be argued that pain problems are common in many, if not most, samples of patient and nonpatient groups, the current findings indicate that pain problems are particularly severe among many persons with SCI. This is consistent with the hypothesis that there are factors in SCI that contribute to the development and maintenance of chronic pain. Such factors might include, but are not necessarily limited to, the neuropathic pain that develops in the initial months and years following the original injury that is the direct result of the damage to the spinal cord. 5, 9, 10, 13, 24 In addition, new, musculoskeletal pain problems may develop over time that are caused by abnormal 'wear and tear' associated with the repeated physical efforts required for mobility (eg, stress on the shoulder joint associated with use of a manual wheelchair). 38, 39 Regardless of the causes and mechanisms of pain in persons with SCI, the current results showing high levels of pain severity in many persons with SCI provide important additional support for the need to identify the causes of, and effective treatments for, these pain problems.
Pain can have important negative impacts on the quality of life of persons with SCI. Previous findings concerning the negative impact of pain on psychological functioning 5, 11, 13, 16 were replicated in this study. Extending this research into a new domain of functioning, we found nonsignificant (when significance level was corrected using a Bonferroni correction) trends for an association between the presence of pain and lower levels of social integration. However, very weak associations were found between the presence of pain and measures of productive activity and home competency. These findings suggest the possibility that pain may begin to impact activities associated with social functioning (eg, participating in activities outside of the home, travel outside the home, and leisure activities with others) before it impacts the more basic activities associated with employment and homemaking; given limited resources to manage pain, patients with SCI may choose to allow pain to stop them from socializing before they allow pain to stop them from working or shopping for groceries.
On the other hand, among those study participants who did report a pain problem, strong and consistent associations were found between the average intensity of pain and interference in 10 different basic activities of daily living assessed by the modified BPI Pain Interference scale. This finding suggests that as pain becomes severe, it can have a substantial negative impact on even very basic activities such as sleep, mood, mobility, and self-care activities. If the associations found between pain and these functioning domains are replicated in future research, then they would support the need to not only identify effective analgesic treatments for pain in persons with SCI, but also, perhaps, the need to develop and test interventions that minimize the impact of pain on functioning in persons with SCI, even when the pain itself does not respond to treatment. For example, behavioral and cognitive-behavioral treatments have been developed and been shown to benefit people with chronic pain as a primary presenting problem. 40, 41 Preliminary research suggests that such interventions might also benefit persons with chronic pain and physical disabilities, such as SCI. 42, 43 For example, in one preliminary study, 18 individuals with disabilities (including 10 with SCI) were provided with either eight 90-min sessions of a cognitiverestructuring intervention designed to minimize negative cognitions in response to pain ('catastrophizing' responses) or eight 90-min sessions of a control intervention (education about chronic pain). 42 The participants who received cognitive-restructuring reported greater pre to post-treatment decreases in pain intensity than those in the control condition. In a separate preliminary study, 33 adults with chronic pain and a disability (including 13 with SCI) were given 10 sessions of selfhypnosis training for decreasing perceived pain. 43 As a group, the participants in this study reported significant pre to post-treatment decreases in pain intensity that were maintained at 3-month follow-up. Among the 26 participants who completed all 10 sessions of treatment, 10 (37%) reported clinically meaningful (30% or greater) decreases in average daily pain intensity. Although controlled trials of these interventions are needed to prove their efficacy in persons with SCI beyond the effects that might occur because of expectancy alone, these preliminary studies suggest the possibility that these interventions have the potential for benefiting patients with both chronic pain and SCI. The current findings suggest that appropriate additional targets of such interventions might also include (but perhaps not be limited to) psychological functioning/depressive symptoms, social integration, and, among those with severe pain, basic activities of daily living.
The findings from the longitudinal analyses are consistent with previous research that has found no significant associations between the duration of the SCI and the prevalence of pain. 8, 11, 21, 22 This high degree of stability in pain across time might be considered good news for patients with SCI who have not developed a chronic pain problem in the first years following the SCI, but might be considered bad news for those who do experience pain; especially those who experience severe pain. On the other hand, the current findings replicate those of others 6, 20 indicating an increase in the incidence of shoulder pain in persons with SCI. Our replication of the stability of pain in general, and the increase of shoulder pain specifically, provides even greater support for the need to identify and develop effective pain treatments for pain in persons with SCIs.
A primary limitation of the current study is the relatively low response rate (49%). Analyses comparing responders and nonresponders suggest similarity on all available demographic, pain-related, and SCI-related variables except for education level; responders reported a greater frequency of education beyond high school than nonresponders. This suggests that the finding may be somewhat more generalizable to individuals with SCI who are more educated. In any case, there is a need for replication in other samples of persons with SCI to help determine which of the findings replicate across samples and settings. In addition, we performed seven tests to determine if any changes in pain occur specific sites over time. Although the single significant finding that emerged (an increase in the incidence of shoulder pain over time) was still statistically significant even when controlling for multiple tests using a Bonferroni correction, and this finding is consistent with previous research, it remains possible that this finding could have been spurious in the current sample. Additional replications of this finding in other samples of persons with SCI would help establish its generalizability. Finally, although the study examined the association between pain prevalence and severity and patient functioning in some functioning domains that have not yet been adequately examined (specifically, community integration and some specific daily activities), a number of patient functioning domains were not included in the survey, limiting our ability to examine the impact of pain in these other domains. Future researchers could perhaps cast a wider net in their assessment of patient functioning, which would allow for a more detailed examination of the areas of functioning that are more, or less, impacted by pain.
Conclusion
Despite the limitations of the current study, the findings provide new information about the nature and scope of pain in persons with SCI. First, pain was found to be, on average, more severe in this sample of patients with SCI compared with a normative sample of individuals without SCI. Also, the presence of pain showed a trend to be associated with poorer psychological functioning and social integration, and the intensity of pain was associated with interference with a number of important basic activities of daily living. Finally, little systematic change was found in pain over a 2-6-year period, although there was some evidence that the prevalence of shoulder pain increases over time. The current findings underscore the serious nature of pain in persons with SCI, and provide additional support for the need to identify effective treatments for the prevention and management of SCI-related pain.
